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The USDA-NRCS/ARS Soil Quality Test Kit (USDA-NRCS, 1999), as well as other commercially available kits, contains many useful and simple tests for measuring soil quality parameters and comparing agricultural management systems. However, these kits are costly, require specialized equipment or supplies, or are not flexible enough to demonstrate soil health outside of a field setting. In addition, methods to demonstrate water holding capacity and potential nutrient loss frequently are not measured in these kits.
OBJECTIVES
The objective for this study was to develop and test methodology to demonstrate water IR, WHC s , and potential nutrient leaching (as NO 3 -N loss) in surface soil using common items available in either grocery or hardware stores. These demonstrations may be made to technical and non-technical audiences in either a field or classroom setting. The methodology was designed to be flexible and resilient enough to use a variety of similar supplies rather than very specific supplies depending on availability. Also, if different soil types and/or management treatments are being used, the methods need to provide consistent results. In addition, audience knowledge-level and size may vary, making it important to provide high-quality demonstrations where the focus may be upon a specific objective, such as water movement (i.e., IR and WHC s ), or to conduct the methods with larger containers and more soil. This means that although equations are provided to precisely calculate the volume of water to add to equal 1 inch or 2.54 cm, IR, WHC s , and potential NO 3 -N loss, the demonstrations may be performed strictly for demonstrative purposes and to compare agroecosystem treatments without conducting the calculations. The reproducibility (i.e., precision) of these methods was analyzed on 10 benchmark soils by testing if the data had a normal distribution and by examining the percentage of the coefficient of variation (%CV) (Liebig et al., 1994) . The veracity (i.e., accuracy) of the methods was examined by comparing means to each other, to expected results, and to soil aggregation.
MATERIALS AND METHODS

Demonstration Methodology
Two sizes of paper cups [147.8 mL (5 oz) and 88.7 mL (3 oz)] are used. The 5-oz cups were prepared by poking 50 holes in the bottom with an 18G needle (Fig. 1A) . This cup was rested inside the 3-oz paper cup, which is used to collect the effluent (Fig. 1B) . Soil placed in the 5-oz cup was evenly distributed by gentle shaking. A volume of water (calculated using the equation for measuring the volume of a cylinder, Eq.
[1]) equivalent to a 2.54 cm or 1 inch height above the surface of the soil was gently poured over the soil (Fig. 2) .
where V w = volume of water added; r 1 = the radius of the bottom of a cylinder placed above the soil; r 2 = the radius of the top of a cylinder placed above the soil, which is 2.54 cm high; and h = the height of the cylinder. The water may be either Millipore (i.e., research grade), distilled (available at most grocery stores), or tap water depending upon availability. Infiltration rate (IR) (cm h -1 ) was measured as:
where IR = infiltration rate; h = height in cm of water added; T = time measured in seconds from when the water was added until all of it had completely infiltrated the soil (i.e., the surface of the soil was just glistening); and 3600 = sec h -1 conversion.
The water holding capacity near soil saturation (WHC s ) was calculated by comparing the amount of water added to the surface to the amount collected in the bottom cup.
( )
where WHC s = water holding capacity near saturation; V W = the volume of water added; and V B = volume of effluent or water collected in the bottom (3 oz) cup (Fig. 3) .
Nutrient loss and erosivity was shown qualitatively by looking at the color and amount of debris in the effluent. Nitrate leaching was estimated as NO 3 -N in the effluent using WaterWorks Sensafe Nitrate/Nitrite test strips (Industrial Test Systems, Inc., Rock Hill, SC) by matching the pink color on the end pad to a color chart on the bottle. The value taken from the color chart was then converted into µg NO 3 -N mL -1 soil by:
where NO 3 -N = µg NO 3 -N lost mL -1 soil; N cc is the value from the color chart converted from mg L -1 to µg mL -1 by multiplying by 1000 µg mg -1 and dividing by 1000 mL L volume of effluent or water collected in the bottom (3 oz) cup; and V s = volume of soil added to the top (5 oz) cup. If there is a large amount of debris in the effluent, let the debris settle for about 1 hour before making the test strip measurements. If tap water is used rather than distilled or Millipore water, the water needs to be tested prior to soil application to measure any background NO 3 -N levels.
The methods outlined above should be conducted on one to three samples per site, if it is strictly for demonstrative purposes. However, if quantitative results are going to be measured and the calculations performed, three to seven samples per site should be used.
Demonstration Methodology Analysis
The precision and accuracy of the demonstration methodologies described above were tested on 10 benchmark soil samples. Precision was measured by testing the data for a normal distribution and by examining the standard error of the mean (SEM) and the percentages of the coefficients of variation (%CV) for IR, WHC s , and nitrate-N from duplicate samples from each treatment. Accuracy was measured by comparing the mean values for each treatment to each other and expected results (i.e., rank of each treatment based on level of soil disturbance and length of time of living plant cover) as well as to measurements of dry sieved aggregatesize distribution and water stable aggregation (Kemper and Rosenau, 1986; Nichols and Toro, 2011) .
Soil Samples. Soil samples were collected from 0-to 10-cm depths using a hand trowel from 10 cropland and rangeland treatment plots located at the Northern Great Plains Research Laboratory in Mandan, ND (Nichols and Toro, 2011) . Plots were established on gently rolling uplands with 0 to 3% slope on fine-silty, mixed, superactive, frigid Typic and Pachic Haplustolls in the Missouri Plateau region of north central United States. Soil was air-dried at 27ºC with large clods gently broken up along natural fracture lines during drying, and dried soil passed through a 9.5-mm screen.
The first four sites were sampled after the first hard frost in 2005. Site one was a tilled, chemical fallow (Fallow) buffer strip surrounding 15-year-old grass breeding plots. The second site was a chemical fallow-spring wheat (Triticum aestivum L.) (F-SW) rotation maintained for 15 years under conventional till (CT) before being converted to no-till (NT) in 1999. The third site was a moderately grazed pasture (MGP), which has been in continuous management since 1916, and the fourth site was idle grassland (IG), which had not been hayed or grazed for at least 20 years. The final experimental site was sampled after spring thaw in 2006. This site was part of a long-term soil quality management (SQM) experiment, which had been in continuous management for 12 years (Liebig et al., 2004) . Six management treatments were sampled: (1) minimum till, spring wheat-safflower (Carthamus tinctorius L.)-rye (Secale cereale L.) rotation (MT, SW-S-R); (2) minimum till, safflower-rye-spring wheat rotation (MT, S-R-SW); (3) minimum till, rye-spring wheat-safflower rotation (MT, R-SW-S); (4) no-till, spring wheat-safflower-rye rotation (NT, SW-S-R); (5) no-till, safflower-rye-spring wheat rotation (NT, S-R-SW); and (6) Laboratory Analysis. From each treatment, duplicate soil samples were measured to the same volume (50 mL) and placed in the 5-oz cups with perforated bottoms. To test what would happen if the samples were measured to the same weight rather than the same volume, 44 g from duplicate samples from eight selected treatments were placed in another set of 5-oz cups. Millipore water (50 mL, equivalent to 2.54 cm above the soil surface) was gently poured over the soil. Infiltration rate, WHC s , and NO 3 -N in the effluent were measured as described above. However, NO 3 -N was only measured in samples of the same soil volume and not of the same soil weight since soil volume differed among treatments of the same weight.
A separate subsample from each soil sample was dry sieved to separate four soil aggregate size classes (>2, 2-1, 1-0.25, and 0.25-0.053 mm). Soil aggregate distribution by dry weight and water stable aggregation (WSA) were measured using a modification of the Kemper and Rosenau (1986) methodology as described in detail in Nichols and Toro (2011) .
Statistical Analyses. Management systems were ranked as a way of identifying which systems were expected to perform better than others (Nichols and Toro, 2011) where treatments were ranked higher if they had no soil disturbance, were covered by living plants during the frost-free period, and had no application of synthetic nutrients. In other words, the treatment rank was one for the MGP treatment and six for the fallow treatment (Tables 1 and 2) . Precision, or reproducibility, of the methodology was assessed by examining the IR, WHC, and NO 3 -N data for each treatment by either the same volume or weight. Each data set (i.e., set of data for each test, soil amount, and treatment) was tested for normal distribution (meaning 95% of the data fell within two SEM of the mean) using PROC UNIVARIATE, and the mean, standard error (SEM), and percentage of the coefficient of variation (%CV) were calculated. This was similar to how Liebig et al. (1994) tested the precision of data collected using the Soil Quality Test Kit. Aggregate distribution, mean WSA, and treatment rank were correlated with IR, WHC, and nitrate mean values using PROC CORR to test method accuracy, or validity. Means comparisons at the α ≤ 0.05 level were performed using PROC ANOVA (analysis of variance) and also give an indication of accuracy. When needed, the appropriate log or sine transformation was made to meet the assumptions of normality and homogeneity of variance of the residuals prior to performing ANOVA. All statistical analyses were performed using SAS software, ver. 9.1 (SAS Institute, 2005) .
RESULTS AND DISCUSSION
Demonstration Methodology Usage
The demonstrations have been used successfully to illustrate soil water movement and NO 3 -N loss to a wide variety of audiences including farmers, agricultural educators, These demonstrations stimulate discussion, not only on the particular soil quality parameters that they illustrate, but also on the roles of compaction, residue management, soil aggregation, and porosity in water infiltration and water and nutrient retention. These concepts may then be discussed in regard to agroecosystem management by comparing soil collected from different management systems.
till (SW-S-R MT); S-R-SW MT; R-SW-S MT; SW-S-R no till (NT); S-R-SW NT; R-SW-S NT; spring wheat-fallow no till (SW-F); moderately grazed pasture (MGP); or idle grassland (IG
Demonstration Methodology Contingencies
The demonstrations outlined here were designed to be flexible, simple, and inexpensive. For illustrative or qualitative purposes, comparisons may be made without performing any of the calculations in Eq.
[1] to [4] ; however, an effort should be made to use similar soil and water volumes. For quantitative purposes, one or more of the calculations should be performed to provide numerical values to impress the points that are trying to be made by the demonstrations. In addition, not all of the demonstrations need to be performed, but individual demonstrations may be selected based upon particular concepts, such as water infiltration (e.g., IR test), water retention (e.g., WHC s test), or nitrate leaching (e.g., NO 3 -N test), which are being discussed.
The equations, particularly those used to calculate the volume of water added, were provided for altering the methodology based on the availability of supplies, objectives, and conditions such as physical location and audience size. For example, rather than paper cups, plastic cups or plastic soda/ water bottles of various sizes may be used. In addition to varying the containers, the soil volume or weight may also be changed. However, if alterations are made to the container size or soil amount, the amount of water added needs to be recalculated based on Eq. [1]. In addition, if the soil is high in organic matter or the height of soil in the container is greater than 5 cm, adjustments in water volume, such as adding the equivalent of 5 cm or 2 inches, may have to be made to get measurable amounts of effluent. Caution is advised when using soil that is too wet, contains large soil clods, or is not well distributed in the top cup as these factors may impact the precision and accuracy of the tests. Finally, holes may be poked using a standard needle (particularly a quilting needle), small finishing nail, or drill bit, and more than 50 holes may be poked. As long as the modifications are consistent across all samples being tested, these suggested changes may be used and have been tested successfully in classroom and field demonstrations.
During the IR and WHC s tests, the water was gently poured over the surface to illustrate what may occur under field conditions and how surface disturbance and sealing occurs with the impact of raindrops (Boyle et al., 1989) . For a comparison that would reduce surface sealing, the plastic film technique may be used to add the water to the soil. In this technique, a plastic film such as plastic wrap is placed on top of the soil to create a "bowl" for the water to be added followed by rapidly removing the plastic film to expose the soil to water in one rapid motion (USDA-NRCS, 1999) . Although this will minimize variation between the rates at which the water may be added to the soil, it will not demonstrate to the same level the impact of raindrops on the soil surface.
Nitrate-N loss or other nutrient losses may be measured using other water quality or fertility test strips than the WaterWorks Sensafe Nitrate/Nitrite test strips. These test strips are available in many garden centers or in the aquatic section of pet stores. Other test strips may measure different nutrients including phosphate, iron, or copper, as well as pH level in the effluent. These other test strips may be used instead of or in addition to the nitrate/nitrite strips. If tap water is used, a control sample with no soil needs to be tested with the test strips to determine any background concentration and subtract this value from the effluent values to obtain the treatment values. In addition, because these strips depend on the interpretation of the user, and the variation between values is wide, it is difficult to precisely quantify the values. An ion chromatograph or some other piece of analytical equipment may be used to obtain exact values.
Methodology Testing Analysis
Laboratory analyses of soils from 10 different management systems were used to test the precision and accuracy of the demonstration methods. Precision was measured by examining the distribution of the data and CV values (Liebig et al., 1994) . For all of the tests, about 80% of the data sets (i.e., set of data for each test, soil amount, and treatment) had a normal distribution (Prob < W ≥ 0.05) and %CV values <25% (Tables 1 and 2 ). This indicated good precision in the data. The highest levels of variation occurred in the IR data for samples of the same weight, which indicates that using samples of the same weight may not be the best when attempting to illustrate and quantify water infiltration (Table 2) . Accuracy was tested by examining correlation coefficients between the IR, WHC s , NO 3 -N, treatment rank, aggregate size distribution, and WSA values (Table 3) . Samples of the same weight had more statistically significant and higher correlation values than samples with the same volume (Table 3 ). This was especially true for the WHC s relationships. In both samples of the same volume and same weight, the IR and WHC s significantly and negatively related to treatment rank. However, these values were positively related to large macroaggregates (≥1 mm) and negatively related to microaggregates (≤0.25 mm). Mean comparisons followed the same trends as treatment rank with the highest ranked treatments having the highest IR and WHC s values. For the NO3-N values, the opposite was true with the highest ranked treatments having the lowest values. This negative relationship was expected because nitrate leaching was not desired. For both the same weight and same volume samples, the correlation analysis and mean comparisons of the data support the accuracy of the methodology to demonstrate the impact of management on soil quality parameters. Although neither the accuracy nor precision of this demonstration methodology were perfect, the demonstrations will show the results intended in most cases.
Relationships with Other Soil Quality Parameters
Water infiltration rate and water and nutrient retention are impacted by pore size and continuity as well as the amount of pore space (i.e., porosity). Porosity also is exhibited when comparing soil volumes for samples of the same weight from different treatments because an increase in porosity results in an increase is soil volume or a decrease in soil density. Therefore, some management systems may make it appear as though the soil is shrinking as density increases. Soils with higher concentrations of large macroaggregates have larger pore spaces than in soils with more microaggregates. The results of the tests on 10 benchmark soils showed that undisturbed samples with more continuous plant cover (i.e., grassland rather than cropland) had more larger-sized aggregates and better porosity than tilled fallow and MT treatments. These results are similar to others in the literature, which showed reduced tillage (Kennedy and Schillinger, 2006) plus residue management (Singh and Malhi, 2006) or more intensive crop rotation (Campbell et al., 2007) had positive impacts on soil aggregation and water use efficiency.
Because these demonstrations illustrate water movement (i.e., infiltration and retention) in soils, they also may provide some indication of potential soil biological activity and crop productivity. Microorganisms and small fauna require water films to decompose organic matter and cycle nutrients (Juma, 1993) , and without good porosity, the amount of water films will decrease. In regard to crop yields, available water is the most important constraint to crop production, particularly in semi-arid environments (Campbell et al., 2007) . To maximize available water potential, the size and continuity of pore space needs to be optimized.
CONCLUSIONS
Methods for demonstrating IR, WCH s , and potential NO 3 -N leaching in the classroom and field were presented. These methods are advantageous because they utilize readily available and inexpensive items, and are flexible enough not to require specific materials but may be modified as needed. Tests of the accuracy and precision of this methodology showed it to be adequate for demonstrating IR, WHC s , and potential nutrient loss. These demonstrations work best when comparing treatments, especially those with a wide variation. The most critical element is to add the same amount of water to all samples. Future studies will test this demonstration methodology under different soil types, more treatments, and greater replication and compare results to other soil quality parameters such as soil aggregation, soil carbon levels, and mycorrhizal hyphal length, root colonization, and glomalin production.
